A complete set of ISEE plasma wave, plasma, and field data are used to identify the plasma instability responsible for the generation of extremely low frequency (ELF) electromagnetic lion roars. Lion 
INTRODUCTION
Lion roars are intense bursts of electromagnetic waves which are detected throughout the hot magnetosheath plasma [Smith et al., , 1971 This article has two main purposes. First, a full complement of ISEE 1 plasma, plasma wave and magnetic field data will be studied to identify the instability responsible for the generation of ELF lion roars. Two events which occur when ISEE 1 is close to the magnetopause have been specifically selected for this purpose. The observations and analyses of these lion roar events are presented in section 2, and the conclusions and discussion are in section 3. This paper will demonstrate that ELF lion roars are intimately coupled to quasi-periodic large-scale magnetosheath structures. The latter are waves generated by another (the drift mirror) instability. Thus a second goal of the paper will be to identify and describe the magnetic and plasma features associated with this instability. The observations and analyses of the large-scale structures using ISEE 1, 2 for the earth's magnetosheath and Pioneer 11 data for Jupiter and Saturn are presented in section 4. Two somewhat unusual events were chosen for study, one because of a quasi-periodic spacing between the lion roars in the event (November 20, 1977 ) and the other (November 8, 1977) because the event contained long duration (--•20 s) bursts. The latter property is necessary to obtain plasma measurements with time scales adequate to study the plasma properties prior to, during, and following the lion roar. Both of the above events were detected when the ISEE 1 and 2 spacecraft were very near the prenoon dayside magnetopause (1020 and 1120 local time, respectively). The locations of the ISEE spacecraft, the magnetic field orientations, and the magnetosheath plasma flow projections are depicted in Figure 1 .
The relationship between the lion roars and the magnetosheath field is illustrated in Figure 2 I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  1  224  225  226  227  228  229 TIME, UT There are several possible causes for this lack of agreement between observation and linear theory. First, the electron temperatures are moments of an empirical distribution assumed to be unchanging (stationary) during the time of measurement. Deviations from constancy or an undetected portion of the electron distribution could cause an underestimation of the anisotropy. It is also possible that the waves have propagated from another region in the magnetosheath where plasma conditions are different. The plasma enhancements and field decreases in the high/3 regions can act as excellent wave guides, as we will discuss later in this paper. However, from an examination of numerous other cases on day 312 and 324, large temperature anisotropies were not detected, making this explanation unattractive. The third possibility is that nonlinear effects are important and that present theory is not adequate to explain all of the features of this instability. Figure 11 gives the relative spacecraft locations, the magnetic field orientations, and the magnetosheath convection velocities. The last quantity is determined from threedimensional electron distributions. These parameters are shown for both days 312 and 324. The figure corresponds to a projection of the above quantities into the ecliptic plane in solar ecliptic (SE) coordinates, since x is positive upward (toward the sun), y is positive to the left, and z is positive out of the paper. The values in the figure will be used to calculate the time delay for magnetosheath structures to be convected between the two spacecraft.
The two-dimensional geometry that enters the calculations is shown at the bottom of Figure 11 Several physical processes are believed to be the cause of such an anisotropy. Preferential plasma heating (perpendicular to B) occurs as the solar wind passes through a perpendicular bow shock [Kennel and Sagdeer, 1967; Kennel, 1981] . Closer to the magnetopause, the compression of the draped magnetosheath fields [Fairfield, 1967] Hasegawa [1969, 1975] has made important advances in the understanding of the structure of the MHD waves associated with the (drift) mirror instability. Assuming the presence of a cold plasma, he demonstrated that the slow mode will be heavily Landau damped. Although the effect of 'warm' 200-eV magnetosheath plasma has not been studied yet, it is believed that strong Landau damping will also occur in the magnetosheath (A. Hasegawa and C. S. Lin, personal communication, 1982) . By allowing an anisotropic plasma temperature and applying the Vlasov equation, a fourth MHD mode was discovered (in addition to the fast, Alfven, and slow modes). Hasegawa has shown that the drift mirror instability corresponds to a purely imaginary frequency and arises for almost perpendicular propagation (k•Jkñ small). Since to is imaginary, the mode is nonoscillatory, corresponding to ever-growing 'blobs' of plasma. The spatial separation of the plasma blobs is predicted to correspond to the scale for maximum growth rate, roughly the proton gyroradius.
NONOSCILLATORY DRIFT MIRROR WAVES: CONCLUSIONS AND DISCUSSION
The magnetosheath MHD structures have many features which are properties of slow mode magnetoacoustic waves propagating at large angles to the ambient magnetic field. The structures are almost completely compressive (little or no field angular changes) and the plasma pressure is 180 ø out of phase with the magnetic pressure (Figures 4, 7) . The normals to the structures are oriented at large angles (60o-80 ø ) relative to the ambient magnetic field. For slow mode waves, the phase velocity is [1976] and Hill [1975] is correct, the convection of these waves to the magnetopause may have important implications for magnetic reconnection. The drift mirror instability will cause increasing plasma depletion, leaving high-field, low/3 regions. However, at the same time, the high/3 regions will be composed of plasma with an anisotropy (Pñ/P• > 1) which is conducive for reconnection [Hill, 1975] . The existence of the nonoscillatory drift mirror 'waves' near the magnetopause may thus lead to patchy, sporadic reconnection. , the lion roars will be internally reflected and will be confined to the density 'ducts' [Helliwell, 1965] . Moreover, recent calculations by Calvert [1982] have demonstrated that whistler mode wave can also be ducted by magnetic field variations in a manner analogous to density ducting. For the drift mirror waves, both effects will work in concert and will lead to strong lion roar confinement to the high/3, low-field regions.
If lion roars are being confined to propagate within the plasma ducts elsewhere in the magnetosheath, the typical --• 1-2 second lion roar durations may be due to the convection of these MHD structures (containing lion roars) past the spacecraft. For a typical flow velocity of --•200-300 km/s and lion roar (and depressed field) durations of 1-2 s, a 'duct' scale size is 150-300 km or 1-2 proton gyroradii. This is in good agreement with the scale for maximum growth rate indicated by Hasegawa [1975] , and may represent a growing drift mirror wave.
The plasma ducting of the lion roars and the strong Landau damping for wave angles >20 ø to the magnetic field [Thorne and Tsururani, 1981] will confine lion roars to propagate along the magnetic field in the direction of the duct extensions. The lion roar group velocity is quite large (--•3 x 108 cm/s) and thus lion roars will rapidly propagate to the extremities of the tubes. Calculations [Thorne and Tsurutani, 1981] indicate that the wave damping will then become a significant factor, and the waves will not be able to propagate more than a fraction of an Re beyond the MHD high/3 structures. The propagation of lion roars out the ends of the high /3 portions of the drift mirror waves is one possible explanation of the emissions that are not associated with magnetic field decreases [Smith and Tsurutani, 1976] .
It is also possible that plasma conditions in other regions of the magnetosheath may be conducive for the growth of lion roars, independent of the drift mirror instability. In the example shown in this paper, the high magnetic field strengths found close to the magnetopause ordinarily inhibit 
